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Summary - the experiment was conducted in order to observe zinc and cadmium accumulative ca-
pacity and to evaluate the potential use of four woody ornamental species (Celtis australis, Quercus ilex, 
syringa reflexa and Viburnum tinus) in the phytoremediation process. zinc and cadmium were added 
together to the substrate as sulphate salts (20 replications per species for each group). at the same time, 
citric acid was added to two different groups of plants to evaluate its specific role on plant’s phytoreme-
diation capacity. the results showed that the four species cannot be considered as metal accumulators 
but instead as metal tolerant plants. plant growth was not significantly inhibited by the increasing met-
als’ concentrations in the substrate. in all the four tested species, cadmium and zinc were predominantly 
accumulated into root system but showed different translocation patterns into aerial parts. also, the 
presence of citric acid proved no effect on the translocation of the two metals, but in some cases its addi-
tion led to an improved absorption from the substrate. at the end, biological absorption coefficient (bac) 
was calculated. Quercus ilex, syringa reflexa and Viburnum tinus resulted as “strong cadmium absorbers” 
while Celtis australis looked like an “intermediate absorber”. more, zinc bac values were generally lower 
than 1 (intermediate absorption) for Quercus ilex, syringa reflexa and Viburnum tinus, while Celtis australis 
showed a weak zinc absorption coefficient. 
Key words: baC, citric acid, ornamental shrubs, ornamental trees, phytoremediation.
introduction
Soil pollution has recently attracted con-
siderable public attention. due to many hu-
man actions such as the mining and smelting 
of metalliferous, electroplating, gas exhaust, 
the energy and fuel production, the applica-
tion of fertilizers and pesticides, metal pol-
lution has become one of the most serious 
environmental problems today (alkorta et 
al., 2004). phytoremediation is an emerging 
technology that uses plants to remove, de-
grade or reduce heavy metals and organics 
pollutants from contaminated soils (Salt et 
al., 1998). it is considered an effective, low 
cost, preferred cleanup option for moder-
ately contaminated areas (weis and weis, 
2004), that only recently started to receive 
greater attention as a valid alternative to tra-
ditional physicochemical remediation meth-
ods. five main subgroups of phytoremedia-
tion that use different strategies of remedia-
tion have been identified: phytoextraction, 
in which plants extract metals from soils and 
concentrate them in the harvestable parts of 
plants; phytodegradation, in which plants, 
in conjunction with microbes, are able to 
degrade organic contaminant through their 
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metabolic processes; phytostabilization, that 
is the bioavailability decrease and mobility 
of pollutants in soils, reducing the risk of 
further environmental degradation by leach-
ing into the ground water or by airborne 
spread; rhyzofiltration, in which plants roots 
absorb toxic metals from polluted effluents, 
and phytovolatilisation, that is the use of 
plants to volatilize contaminants from soil 
or water into the atmosphere (pulford and 
watson, 2002; burken and Schnoor, 1997; 
dushenkov et al., 1995; Kumar et al., 1995; 
Salt et al., 1995; vangronsveld et al., 1995). 
the idea of using plants to remediate metal 
polluted soils came from the discovery of 
“hyperaccumulators”, plants that have the 
ability to accumulate large amounts of con-
taminants by translocating metals from root 
to shoot (brown, 1995; vasquez et al., 1992). 
the success of phytoremediation depends 
upon the ability of a plant to uptake and 
translocate heavy metals (chen et al., 2003). 
plants can accumulate chemical elements 
essential for growth and development such 
as fe, mn, zn, cu, mg and mo. in addition, 
some of them have the capacity to accumu-
late heavy metals with no known biological 
functions, such as cd, cr, pb, co, Se and hg 
(baker and brooks, 1989; raskin et al., 1994). 
among these elements, zinc and cadmium 
are two of the most widely diffused pollut-
ants. zinc (zn) is an ubiquitous phytotoxic 
contaminant. it can reduce crop yields and 
may represent a potential hazard to the food 
chain (luo et al., 2000). most plants have zn 
concentrations between 30 and 100 µg g-1 dry 
weight; concentrations above 300 µg g-1 are 
considered toxic (marschner, 1995). previous 
works showed that thlaspi caerulescens can 
accumulate up to 10000 µg zn g-1 dry weight 
in the shoots without showing any phytotox-
icity symptoms or reduction in growth (Shen 
et al., 1997; brown et al., 1995). cadmium 
(cd) is a heavy metal naturally present in 
soil at concentrations of slightly more than 
1 mg Kg-1 (peterson and alloway, 1979). it is 
a highly toxic pollutant to most organisms, 
having a toxicity 2-20 times higher than 
many other heavy metals (vassilev et al., 
1998). cd content in soil has been dramati-
cally increased by anthropogenic sources 
including smelters and agricultural applica-
tions of fertilizer and sewage sludge. cd is 
neither an essential nor a beneficial element 
for plants and may even cause numerous 
physiological toxic responses in plants. a 
foliar concentration above 100 µg g-1 dry 
weight is considered exceptional and is used 
as a threshold value for cd hyperaccumula-
tor (baker et al., 2000). unfortunately, most 
of the metal-accumulating identified species 
have small sizes and/or are slow growing 
plants producing low biomass (Kumar et 
al., 1995), and these characteristics severely 
limit the use of hyperaccumulator plants for 
environment cleanup. because of a deeper 
penetration of woody plants’ roots into the 
soil (several meters), shrubs or trees species, 
rather than herbaceous plants, could be use-
ful to treat deeper contamination. besides, 
in agreement with various authors, trees are 
potentially the lower-cost plant type to use 
for phytoremediation (Garbisu and alkorta, 
2001; Stomp et al., 1994) and would be attrac-
tive plants especially to renew the vegeta-
tion of metal-polluted sites (Kopponen et al., 
2001). Successful application of plants for 
remediation of contaminated soils depends 
on the availability of metals. the synthetic 
chelating agents (such as organic acids) are 
used in remediation of soil contaminated by 
heavy metals, in order to improve the trans-
fer of metals to the soil liquid phase (naidu 
and harter, 1998). for example, optimum 
cadmium mobility in soil is achieved at ph 
= 4.5 - 5.5 (bingham et al., 1980); therefore, 
altering soil ph by adding an acid is a viable 
method for increasing cadmium bioavail-
ability. the aim of this preliminary study is 
to observe zinc and cadmium accumulative 
capacity and to evaluate the potential use in 
the phytoremediation process of four woody 
ornamental species (Celtis australis, Quercus 
ilex, syringa reflexa and Viburnum tinus). 
also, citric acid addition to soil has been per-
formed in order to evaluate chelating agent 
performing.
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materialS and methodS
experiments were carried out during 
spring-summer period (may-September) at 
the department of horticulture of the uni-
versity of florence. two-years-old seedlings 
of four woody ornamental species (Celtis 
australis, Quercus ilex, syringa reflexa and Vi-
burnum tinus) were grown into Ø 20 cm pots 
(3 l volume) filled with peat and perlite (1:1, 
v:v, ph 5) and placed outdoor under a poly-
ethylene sheet to avoid any rainy substrate 
leaching. pots were daily irrigated with a 
modified hoagland’s nutrient solution by a 
computerized drip irrigation system (ph 6, 
ec 1.5 mS/cm, no3- 102 ppm, nh4+ 5 ppm, 
po43- 29 ppm, K+ 153 ppm, ca2+ 88, mg2+ 18 
ppm, So42- 37 ppm, fe2+ 1 ppm as eddha), 
without any drain collecting. plants have 
been divided into five different treatments 
related to metal concentrations and citric 
acid addition (table 1). zinc and cadmium 
have been added together to the substrate 
as sulphate salts at the beginning of the ex-
periment (20 replications per species for each 
treatment). neither metals nor citric acid 
have been added to the controls. 
plants performances were determined by 
repeated biomass production measurements 
(dry weight and relative growth rate) during 
the experimental period and by chemical 
analysis to verify metals content into vegetal 
tissues. plant material was sampled at the 
end of June, July, September and november 
(n=5), and separated into leaves, shoots and 
roots. dry weight was obtained after drying 
the samples in an oven at 70°c for at least 48 
h. relative growth rate (rGr) has been cal-
culated as reported by hunt (1978). chemi-
cal analysis were carried out by digesting 
plant tissues (500 mg dw) in a mixture of 
concentrated hno3 and hclo4 (2:1 v.v.) 
using a digester (velp Scientifica, italy). 
total zinc and cadmium content in plant tis-
sues was detected using an optical emission 
spectrometer (icp-oeS, inductively cou-
pled plasma-optical emission Spectrometry, 
perkinelmer, optima 2000 dv). biologi-
cal absorption coefficient (bac), showing 
the absorption capacity of the plant, was 
calculated as the ratio of heavy metal con-
centration in plant tissues vs. that in the 
substrate (nagaraju and Karimulla, 2001). 
the experiment consisted in a randomized 
block design, a single block referred to a 
single treatment. each treatment was com-
posed by 20 plants, each plant representing 
a replicate. data were analysed by one-way 
anova, and means (n=5) were separated 
using tukey’s statistical test (p≤0.05). Sta-
tistical analysis were made using Graphpad 
prism 4.0 (Graphpad® software).
reSultS and diScuSSion
plant growth was not inhibited neither by 
the increase of metal concentrations into the 
substrate, nor by the addition of citric acid, as 
no significant differences among treatments 
have ever been monitored in dry weights 
during the experimental period (fig. 1). 
relative growth rate was not influenced by 
zinc and cadmium addition showing no sig-
tab. 1 - total amount of metals (as sulphate salts) and citric acid added to the substrate during the experimental 
period. 
treatment total znSo4 total cdSo4 citric acid
 (mg/l) (mg/l) (mg/l) 
control - - -
(a) 300 3.25 -
(b) 400 16.25 -
(a + citrate) 300 3.25 750
(b + citrate) 400 16.25 750
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nificant differences among treatments (table 
2). more, visual assessment showed no toxic-
ity symptoms on treated plants’ leaves. it is 
well established that a plant requires a bal-
ance between the uptake of essential metals 
and the ability to protect sensitive cellular 
activity and structures from excessive non-
essential metals uptake (Garbisu and alko-
rta, 2001) in order to maintain a correct and 
effective growth. total amounts of absorbed 
cadmium and zinc as well as the effect of cit-
ric acid addition and the metal distribution 
in plant organs are reported in fig. 2 and 3 
respectively. as expected, according to whit-
ing et al. (2000), all the treatments showed 
a greater zinc and cadmium content than 
control. cadmium content (fig. 2) in Celtis 
australis plants was higher in (b) treatment, 
compared to the lower concentration. how-
ever, citric acid addition did not influence 
cadmium accumulation as no significant 
differences were found among treatments 
at the same cadmium concentrations. in 
Quercus ilex, (a) plants showed a significant 
lower cadmium content compared to the 
other treatment. the addition of citric acid 
fig. 1. - total dry weight in Celtis australis, Quercus ilex, syringa reflexa and Viburnum tinus subjected to different 
cd and zn treatments. vertical bars show ± Sd. data were analysed by one-way anova and means (n=5) were 
separated using tukey’s test (p<0.05).
tab. 2 - relative Growth rate (rGr, mg g-1 d-1) calculated for each species (see table 1 for the description of 
treatments). data were analysed by one-way anova to evaluate the zinc and cadmium effects. means inside 
each row (n=5) were separated by tukey’s test and showed no significant differences for p<0.05.
 control a b a + citrate b + citrate
Celtis australis 3.35 3.52 3.57 3.82 3.52
Quercus ilex 7.69 8.27 7.76 9.15 8.83
syringa reflexa 9.30 9.37 9.47 9.95 10.60
Viburnum tinus 14.85 13.52 13.44 13.89 14.92
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fig. 2. - cadmium content in leaves, shoots and roots 
of Celtis australis, Quercus ilex, syringa reflexa and Vi-
burnum tinus plants grown at different cd substrate 
concentrations (3.25 and 16.25 mg*l-1) and the presence 
of citric acid. data were analysed by one-way anova 
and means (n=5) were separated using tukey’s test 
(p<0.05). different letters show statistically significant 
differences in total dry weights among species.
fig. 3. - zinc content in leaves, shoots and roots of 
Celtis australis, Quercus ilex, syringa reflexa and Vibur-
num tinus plants grown at different zn substrate con-
centrations (300 and 400 mg*l-1) and the presence of 
citric acid. data were analysed by one-way anova 
and means (n=5) were separated using tukey’s test 
(p<0.05). different letters show statistically significant 
differences in total dry weights among species.
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was effective only at lower cadmium concen-
trations, as no significant differences were 
monitored among treatments at the highest 
concentrations: citric acid was probably able 
to play a positive role in metal absorption 
only at a lower cadmium concentration, 
without any effect at higher concentration. 
on the contrary, a clear and important role 
played by citric acid was evident in syringa 
reflexa. in fact, increased cadmium content 
into the substrate showed no effect on plant 
tissues (i.e. (a) and (b) treatments showed 
no significant differences). however, citric 
acid addition strongly improved cadmium 
accumulation, especially at higher cadmium 
concentration, due to a more pronounced 
cadmium bioavailability. no differences in 
cadmium content at any metal level in the 
substrate were detected in Vinurnum tinus, 
but a strong increment in accumulation fol-
lowed the addition of citric acid. moreover, 
(b+citrate) treated plants showed the highest 
cadmium content, which was significantly 
different than the other treatments. 
regarding zinc content, all treatments led 
to higher values compared to control, but 
species showed different behaviours. for 
example, zinc accumulation was positively 
affected by substrate metal concentration 
in Celtis australis and Quercus ilex (fig. 3), 
but plants showed a total insensitivity to 
citric acid, as no significant differences were 
observed among relative treatments. also, 
citric acid addition to b treatment in Celtis 
australis led to a lower zinc accumulation 
compared to b treatment alone, probably 
due to a higher but toxic zinc bioavailability, 
which interfered to metal absorption and/
or accumulation. on the contrary, syringa 
reflexa and Viburnum tinus showed no sig-
nificant differences between any zinc level. 
instead a different citric acid effectiveness 
was observed: citric acid improved zinc ac-
cumulation in syringa reflexa but no effect 
was detected in Viburnum tinus .
concerning organ distribution, cadmium 
(fig. 2) and zinc (fig. 3) were predominantly 
accumulated into root system with a differ-
ent translocation pattern into aerial parts 
among species. cadmium and zinc contents 
into syringa reflexa root system varied from 
60 to 90% of the total amount of plant metal 
content. in Celtis australis this percentage 
ranged from 50 to 75% while in Quercus 
ilex and Viburnum tinus from 30 to 60%. 
other authors reported different results. for 
example, salix clones had a higher above-
ground heavy metals translocation potential 
(Greger and landberg, 1999; vyslouzilovà et 
al., 2003), showing that cadmium and zinc 
were more accumulated in leaves than in 
twigs and roots, even if clones could present 
variable metal uptake capacity. in our case, 
the mechanisms involved in cadmium and 
zinc translocation from root to shoot were 
probably the limiting factor for metal trans-
port rate. in fact, plants reacted differently 
to heavy metals stress, their resistance and 
tolerance depended on the ability of the 
single species to activate molecular mecha-
nisms, such as metal sequestration in the cell 
wall and/or in vacuoles usually by binding 
with appropriate ligands (chaney et al., 
1997). plants were able to change soil metal 
availability in a direct manner (uptake) or 
indirectly by the use of different mechanisms 
like exudation of complexing agents or res-
piration of roots (hammer and Keller, 2002). 
numerous studies showed that by lowering 
the ph of a soil the absorption of heavy met-
als (by soil particles) could decrease and thus 
increase their concentration in soil solution 
(turgut et al., 2004; Kulli et al., 1999; Salt et al., 
1995; albasel and cottenie, 1985; dijkshoorn 
et al., 1983; harter, 1983). however, our re-
sults indicate that citric acid did not actively 
stimulate cadmium and zinc translocation 
from root to aerial parts, in contrast with the 
study carried out by chen et al. on raphanus 
sativus (2002). these authors proved that 
leaf heavy metals content increased with 
the addition of citric acid to contaminated 
soil. at the end, the biological absorption 
coefficient (bac) was calculated in order to 
investigate the uptake capacity of the tested 
species. bac is one of the most important 
biogeochemical parameters for mineral ex-
ploration and is defined as the concentra-
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tion of an element in plant ashes versus the 
concentration of the same element into the 
substrate. perelman (1966) classified mineral 
absorption intensity into five groups, related 
to bac values: “intensive absorption” (bac 
10-100), “strong absorption” (bac 1-10), “in-
termediate absorption” (bac 0.1-1), “weak 
absorption” (bac 0.01-0.1), and “very weak 
absorption” (bac 0.001-0.01).
table 3 reports bac values for both spe-
cies and treatments. cadmium bac values 
were normally higher in (a) plants in all spe-
cies. more, citric acid addition had a positive 
effect in enhancing bac values. Quercus ilex, 
syringa reflexa and Viburnum tinus appeared 
as strong cadmium absorbers when grown 
in lower cadmium substrate concentration, 
as bac ranged from 1 to 3 both in normal 
and citric acid-addicted plants. on the con-
trary, Celtis australis acted like an intermedi-
ate absorber (0.71). the increase in cadmium 
substrate content led to a strong decrease in 
bac values, both with or without citric acid. 
these data seem to agree with dickinson and 
pulford (2005), as tissue concentrations of 
cadmium tended to be higher in highly con-
taminated soils, but bac values were lower, 
suggesting that translocation of cadmium 
from soil to plant tissues is less effective in 
highly contaminated soils. on the contrary, 
zinc bac values were generally lower than 
1 (intermediate absorption) for all the treated 
plants of Quercus ilex, syringa reflexa and Vi-
burnum tinus, while Celtis australis showed a 
weak zinc absorption coefficient. 
concluSionS
our data underline that the four species 
cannot be considered as metal accumula-
tors but as metal tolerant plants. syringa 
reflexa seems to appear the only effective 
species and it could be successfully used 
for phytostabilization, probably due to the 
greater surface area of thin and long roots 
which contributes to a better absorption of 
heavy metals (an and donald, 2003). in fact, 
species with numerous thin and fine roots 
can accumulate a higher quantity of metals 
than species with few thick roots (das et al., 
1997). with phytostabilization plants can 
also physically stabilize the soil against ero-
sion and runoff. in addition, plant activity 
like water and element uptake can help to 
keep the heavy metals within the plant/soil 
system, and, thus, to prevent their leaching 
to the groundwater. on the contrary, the 
other three species showed a lower capacity 
in metal uptake than syringa reflexa. So, their 
application for phytoremediation purposes 
appear to be ineffective, despite high rates 
of root absorbed metal translocated to the 
aerial organs in Viburnum tinus. 
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tab. 3. values of bac calculated for each treatment in the four tested species (see table 1 for the description 
of treatments).
 Celtis australis Quercus ilex syringa reflexa Viburnum tinus
 cd zn cd zn cd zn cd zn
a  0.71 0.07 1.40 0.13 1.98 0.17 1.85 0.17
b  0.27 0.10 0.38 0.17 0.40 0.24 0.56 0.18
a + citrate 0.94 0.08 1.95 0.13 3.06 0.30 2.07 0.19
b + citrate 0.25 0.07 0.42 0.17 0.91 0.30 0.72 0.19
aGricoltura mediterranea
referenceS
an y.J. and donald h.K (2003) - total, dissolved 
and bioavailable metals at lake texoma marinas. 
environ. pollut., 122, 253-259.
albaSel n. and cottenie a. (1985) - heavy met-
als uptake from contaminated soils as effected by 
peat, lime and chelates. Soil Sci. Soc. am. J., 49, 
386-390.
alKorta i. , hernández-allica J., becerril 
J.m., amezaGa i. , albizu i., onaindia m. 
and GarbiSu c. (2004) chelate-enhanced phy-
toremediation of soils polluted with heavy metals. 
rev. environ. Sci. biotech., 3, 55-70
baKer a.J.m., mcGrath S.p., reeveS d.r., 
Smith J.a.c. (2000) - metal hyperaccumulator 
plants: a review of the ecology and physiol-
ogy of a biological resource for phytoremediation 
of metal polluted soils. in: phytoremediation of 
contaminated soils and water, ed. terry, n. and 
banuelos, G., pp. 171-188. boca raton (uSa): crc 
press llc.
baKer a.J.m. and brooKS r.r. (1989) - terrestrial 
higher plants which hyperaccumulate metallic ele-
ments. a review of their distribution, ecology and 
phytochemistry. biorecovery, 1, 81-126.
binGham f.t., paGe a.l. and StronG J.e. (1980) 
- yield and cadmium content of rice grain in rela-
tion to addition rates of cadmium, copper, nickel 
and zinc with sewage sludge and liming. Soil Sci., 
130, 32-38. 
brown K.S. (1995) - the green clean - the emerging 
field of phytoremediation takes root. bioScience, 
45: 579-582.
brown S.l., chaney r.l., anGle J.S. and baK-
er a.J.m. (1995) - zinc and cadmium uptake by 
hyperaccumulator thlapsi caerulescens grown in 
nutrient solution. Soil Sci. Soc. am. J., 59, 125-133. 
burKen J.G. and Schnoor J.l. (1997) - uptake 
and metabolism of atrazine by poplar trees. envi-
ron. Sci. tech., 31, 1399-1405.
chaney r.l., maliK K.m., li y.m., brown S.l., 
brewer e.p. and anGle J.S. (1997) - phytore-
mediation of soil metals. curr. opin biotech., 8, 
279-284.
chen y.X., lin Q., luo y.m., he y.f., zhen S.J., 
lu y.l., tian G.m. and wonG m.h. (2003) 
- the role of citric acid on the phytoremediation 
of heavy metal contaminated soil. chemosphere, 
50, 807-811.
daS p., Samantaray S. and rout G.r. (1997) 
- Studies on cadmium toxicity in plants: a review. 
environ. poll., 98, 29-36.
dicKinSon n.m. and pulford i.d. (2005) - cad-
mium phytoextraction using short-rotation cop-
pice salix: the evidence trail. environ. int., 31, 
609-613.
dijkshoorn, w., lampe, J.m.e. and van brockhoven, 
l.w. (1983) - the effect of soil ph and chemical 
form of nitrogen fertilizer on heavy metal contents 
in ryegrass. fert. res., 4, 63-74.
duShenKov v., Kumar p.b.a.n., motto h. and 
raSKin i. (1995) rhizofiltration: the use of plants 
to remove heavy metals from aqueous streams. 
environ. sci. technol., 29, 1239-1245.
GarbiSu c. and alKorta i. (2001) - phytoextrac-
tion: a cost-effective plant-based technology for 
the removal of metals from the environment. 
biores. technol., 77, 229-236.
GreGer m. and landberG t. (1999) - use of 
willow in phytoremediation. int. J. phytorem., 1, 
115-123.
hammer d. and Keller c. (2002) - changes in 
the rhizosphere of metal-accumulating plants evi-
denced by chemical extractants. J. environ. Qual., 
31, 1561-1569.
harter r.d. (1983) - effect of soil ph on adsorption 
of lead, copper, zinc and nickel. Soil Sci. Soc. am. 
J., 47, 47-51.
hunt r. (1978) - plant growth analysis. london 
(uK): edward arnold.
Kopponen p., utrianien m., luKKari K., Sun-
tioinen S., Karenlampi l. and Karenlam-
pi S. (2001) - clonal differences in copper and zinc 
tolerance of birch in metal-supplemented soils. 
environ. poll., 112, 89-97.
Kulli b., balmer m., KrebS r., lothenbach 
b., GeiGer G. and Schulin r. (1999) - the 
influence of nitrilotriacetate on heavy metal up-
take of lettuce and ryegrass. J. environ. Qual., 28, 
1699-1705.
Kumar p.b.a.n., duShenKov v., motto h. 
and raSKin i. (1995) - phytoextraction: the use 
of plants to remove heavy metals from soils. envi-
ron. Sci. technol., 29, 1232-1238.
luo y.m., chriStie p. and baKer a.J.m. (2000) 
- Soil solution zn and ph dynamics in non-
rhizosphere soil and in the rhizosphere of thlapsi 
caerulescens grown in a zn/cd contaminated soil. 
chemosphere, 41, 161-164.
marSchner h. (1995) mineral nutrition of higher 
plants. london: academic press.
naGaraJu a. and Karimulla S. (2001) - Geo-
botany and biogeochemistry of gimnospora mon-
tana - a case study from nellore mica belt, andhra 
pradesh. environ. Geol., 41, 167-173.
naidu r. and harter r.d. (1998) - effect of dif-
ferent organic ligands on cadmium sorption by 
and extractability from soils. Soil Sci. Soc. am. J., 
62, 644-650.
perelman a.i. (1966) - the geochemistry of land-
scapes. moscow: vysshaya Shkola.
peterSon p.J. and alloway b.J. (1979) - the 
chemistry, biochemistry and biology of cadmium, 
9S. mancuSo, S. muGnai, c. pandolfi and e. azzarello
ed. m. webb, pp. 45-62. amsterdam: elsevier/
north-holland biomedical press. 
pulford i.d. and watSon c. (2003) - phytore-
mediation of heavy metals-contaminated land by 
trees-a review. environ. int., 29, 529-540.
raSKin i., Kumar p.b.a.n., duShenKov v. and 
Salt d.e. (1994) - bioconcentration of heavy met-
als by plants. curr. opin. biotech., 8, 221-226.
Salt d.e., blaylocK m., Kumar p.b.a.n. duSh-
enKov v., enSley b.d., chet i. and raSKin 
i. (1995) - phytoremediation: a novel strategy for 
the removal of toxic metals from the environment 
using plants. biotech., 13, 468-474.
Salt d.e., Smith r.d. and raSKin i. (1998) - phy-
toremediation. ann. rev. plant physiol. and plant 
mol. biol., 49, 643-668.
Shen z.G., zhao f.J. and mcGrath S.p. (1997) 
- uptake and transport of zinc in the hyperaccu-
mulator thlapsi caerulescens and the non-hyperac-
cumulator thlapsi ochroleucum. plant cell environ., 
20, 898-906.
Stomp a.m., han K.h., wilbert S., Gordon 
m.p. and cunninGham S.d. (1994) - Genetic 
strategies for enhancing phytoremediation. ann. 
new york acad. Sci., 721, 481-491.
turGut c., pepe m.K. and Cutright t.J. (2004) - the 
effect of edta and citric acid on phytoremedia-
tion of cd, cr, and ni from soil using Helianthus 
annuus. environ. poll., 131, 147-154.
vanGronSveld J., StercKX J., van aSSche f. 
and cliJSterS h. (1995) - rehabilitation studies 
on an old non-ferrous waste dumping ground: ef-
fects of revegetation and metal immobilisation by 
beringite. J. Geochem. explor., 52, 221-229. 
vaSSilev a., tSonev t., yordanov i. (1998) 
- physiological response of barley plants to cad-
mium contamination in soil during ontogenesis. 
environ poll., 103, 287-293. 
vazQuez m.d., barcelo J., poSchenrieder 
c., madico J., hatton p., baKer a.J.m. and 
coupe G. (1992) - location of zinc and cadmium 
in thlaspi caerulescens, a metallophyte that can 
hyperaccumulate both metals. J. plant physiol., 
140, 350-355.
vySlouÆilová m., tluSto© p. and SzáKová 
J. (2003) - cadmium and zinc phytoextraction 
potential of seven clones of salix spp. planted on 
heavy metal contaminated soils. plant Soil envi-
ron., 49, 542-547. 
weiS J.S. and weiS p. (2004) - metal uptake, trans-
port, and release by wetland plants: implications 
for phytoremediation and restoration. environ. 
int., 30, 685-700. 
whitinG S.n., leaKe J.r., mcGrath S.p. and 
baKer a.J.m. (2000) - positive responses to zn 
and cd by roots of the zn and cd hyperaccumula-
tor thlapsi caerulescens. new phytol., 145, 199-210.
